Abstract The main aim of this article is to examine em-
Introduction
Daily human activities in most cases have adverse effects on the overall ecosystem, and hence lead to some severe environmental problems like floods, which if not well managed could lead to the loss of lives and substantial economic resources. A higher level of urbanization in different economies may promote environmental degradation more especially in countries with poor environmental awareness and concern. Urbanization still remains an important social phenomenon that increases daily across the globe, because people are consistently migrating from rural to urban areas in search of greener pastures and social security. In an ideal situation, urbanization promotes productivity, opens doors for more economic gains, and creates more wealth and creativity to redesign science, arts, politics, and other human endeavors (Stewart and Lee 1986; Bloom et al. 2008; Glaeser 2011) . However, urbanization leads to the spread of illness and inflicts other social problems of exclusion, crime, and poverty and ultimately leads to the degradation of environmental quality (Bloom et al. 2008) . The 2014 United Nation assessment indicates that 50 % of the global population is living outside rural areas and the expectation is that, by 2050, this figure will increase to 70 % and the level of urbanization Responsible editor: Marcus Schulz.
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will be more prominent in Africa and Asia (United Nations DESA's Population Division 2014). In view of its importance, the United Nations has identified urban ecology and the environment as one of the six key subjects for the upcoming 2016 Habitat III conference that will take place in Quito (Ecuador), October 17-20, 2016 .
Singapore was once known as the center of biodiversity; the country was previously covered by huge forest until the late 1950s, when the country planned to become a globally popular city. Based on the UN representatives' recommendations, the country launched the BState and City Planning Project (SCP),^which marked the beginning of the country's rapid urbanization. The main consideration of the government then is to provide sufficient public housing and generate substantial employment for the populace (Singapore statutes online 2016). This has led to the destruction of more natural land at the expense of urban development and caused the country to lose 90 % of its natural forests. The Central Intelligence Agency (2016) fact book report shows that 100 % of Singaporeans are living in the urban areas, which means there is no portion of the population that lives outside urban areas. Hence, there are no villages/rural areas in present-day Singapore. The report also highlighted that urbanization in Singapore has grown at a rate of 2.02 % annually. Hence, the level of urbanization in Singapore is too rapid to be ignored more especially in relation to its impacts on the environmental quality of the country.
The objective of this paper is to examine empirically the dynamic impact of urbanization on environmental quality in Singapore. The model however is controlled by variables of economic growth and trade openness. Some studies have examined the impact of urbanization on environmental quality across different countries and regions of the world, but despite Singapore's position as the most urbanized country in the global economy, in which 100 % of its populace is based in urban centers, no empirical work has examined its impact on the level of environmental quality. This paper contributes to the existing literature by establishing the empirical evidence on the impact of urbanization on environmental quality in one of the most urbanized countries in the world.
Literature review
Several studies have empirically discussed the impacts of urbanization on environmental quality in different regions, income levels, and countries. Some studies found the significantly positive/negative influence of urbanization on carbon emissions in different sample countries. For example, recently, Dogan and Turkekul (2016) used the autoregressive distributed lags (ARDL) approach in the USA during 1960-2010 and investigate the impact of urbanization and energy consumption on carbon emissions. The outcome shows that urbanization and energy consumption negatively influence the quality of the environment, while trade openness enhances environmental quality. This study also failed to ratify the validity of the environmental Kuznets curve (EKC) hypothesis in the USA. Also, Ponce de Leon et al. (2014) used fixed and random effect techniques based on 80 economies during , and the outcome discloses that on average, urbanization increases carbon emissions as its 1 % upsurge could increase carbon emissions by 0.95 % in the sample countries. Liu (2009) examined the nexus of energy consumption, population growth, economic growth, and urbanization in China from 1978 to 2008. In this study, the ARDL technique and factor decomposition models are used within the analysis. The findings reveal a unidirectional causality that run from urbanization to general energy consumption in both short-and long-term periods. Poumanyvong and Kaneko (2010) used the stochastic impacts by regression on population, affluence, and technology (STIRPAT) approach while investigating the influence of urbanization on energy consumption and CO 2 emissions across 99 economies from 1975 to 2005. The finding shows that the impact of urbanization on energy consumption and CO 2 emissions varied with the nature of development. For low-income countries, an increase in urbanization reduces energy consumption, while urbanization increases energy consumption in middle-and high-income countries. Urbanization influences carbon emissions positively for all income groups, though the effect is more noticeable in middle-income countries.
Martinez-Zarzoso and Maruotti (2011) investigate the relationship between urbanization and CO 2 emissions in developing countries. The result reveals an inverted Ushaped relationship between urbanization and carbon emissions. Grouping the countries based on threshold analysis indicates that at a given point, emissionurbanization became negative and when urbanization reaches beyond such a point, emissions remain stagnant. The results of other groups show that urbanization does not promote carbon emissions but rather wealth and population. Sharma (2011) based on a panel set of 69 countries examined the determinants of CO 2 emissions for the period of 1985-2005; the sample is divided into sub-panels of high income, middle income, and low income. The main finding shows that trade openness, GDP per capita, and energy consumption have a positive influence on CO 2 emissions, whereas urbanization negatively affects CO 2 emissions for all the sub-samples. However, the overall sample results reveal that urbanization, trade openness, and per capita electric power consumption negatively influence CO 2 emissions, while GDP per capita and per capita total primary energy consumption have a positive impact on CO 2 emissions. Zhang and Lin (2012) applied the STIRPAT approach and examined the impact of urbanization and energy consumption on carbon emissions in different regions of China during the period of 1995-2010. The findings suggest that urbanization increases both energy consumption and carbon emissions in China. However, the effects of urbanization differ across regions; for example, it declines persistently from the western region to central regions. U r b a n i z a t i o n h a s a g r e a t e r i m p a c t o n e n e r g y consumption than carbon emissions in the eastern region. Hence, there is strong regional variation with regard to this issue in China. Poumanyvong et al. (2012) used the STIRPAT approach and investigated the impact of urbanization on national residential energy consumption and CO 2 emissions across 88 high-, middle-, and low-income countries from 1975 to 2005. The result discloses that an increase in urbanization diminishes residential energy consumption in low-income countries, while the use of energy in high-income countries increases. The result based on middle-income countries shows that, in the first stage, household energy consumption declines and then rises with urbanization up to about a 70 % threshold level. Slashing the sample countries to 80 reveals that urbanization increases residential carbon emissions in low-and middle-income countries. The residential emission of high-income countries increases at the early stage and subsequently falls with urbanization up to the 66 % level. Shahbaz et al. (2014) used the ARDL approach and investigated the nexus among economic growth, electricity consumption, urbanization, and environmental condition during 1975-2011 in the United Arab Emirates (UAE). The findings reveal the existence of an inverted U-shaped relationship between economic growth and CO 2 emissions. This means that at the initial stage of development, energy consumption increases up to a certain level of per capita income and after that point, energy consumption reduces growth. Electricity consumption reduces carbon emissions and urbanization enhances it, while export improves environmental quality as it reduces carbon emissions. However, some studies found no significant impact of urbanization on environmental quality for instance; a recent finding by Ali et al. (2016) in Nigeria shows that urbanization does not have a significant impact on the environmental quality of the country. This is due to the fact that the variable of urbanization is insignificant on the carbon emissions in the case of Nigeria. Hence, in seeking to the solutions to the environmental degradation in this country, urbanization could not be considered among the main determining factors. The same finding was also documented by the study of Hossain (2012) in the case of Japan, in which urbanization does not have essential influence on environmental quality.
Theoretical justification
In this study, we followed Hossain (2011), Farhani et al. (2013) , and Ali et al. (2016) and provide the theoretical framework based on STIRPAT and economic theories that predict EKC in relation to income and the sociological theories that linked EKC to urbanization rather than economic development alone. The previous works of Rosa (1994, 1997) introduced the notion of formulating stochastic type of the IPAT equation which comprises quantitative variables of population size (P), affluence per capita (A), and weight of the industry in economic relations as a measure of environmentally damaging technology (T). It is based on the single-year model specification as follows:
where I i , P i , A i , and T i signify the population and technology effect in a country; i, α, and β are estimated parameters; and e i is the random error term. STIRPAT is mainly applied to study the factors that affect environment (for example, check Rosa 1994, 1997; York et al. 2003; Cole and Neumayer 2004) . The premise is that production of CO 2 is placed on demographics but can vary with the highly efficient urban living standard. Specifically, the economic activities in urban areas may have two distinctive effects, those connected to higher consumptions and incomes that strengthen industrialization. Originally, urbanization improves the shift to current fuels that change the forms of resources used.
Econometric models and methodology
Based on Hossain (2011) and Farhani et al. (2013) , urbanization is incorporated into the emission regression as pronounced that trade, income, energy consumption, and urbanization are considered the major determinants of CO 2 emissions. Therefore, the main model is specified as follows:
Transforming Eq. (2) gives us
Introducing the urbanization variable into the emission equation provides the basis for estimating ARDL, with an aim to establish the links among the variables as shown in Eq. (4):
where lnCO 2 is the logarithm of CO 2 emissions, lnUB is the logarithm of urbanization, lnY is the logarithm of economic growth, lnTO is the logarithm of trade openness, and subscript t represents the time frame of the study. The first condition is to estimate Eq. (4) according to ordinary least square (OLS) and examine the joint significance of the coefficients of the lagged variables according to the Wald test of F-test with the objective of observing the cointegrating relationship of the variables. Then, we test the null hypothesis of no cointegration ( H 0 = α 1 = α 2 = α 3 = α 4 = α 5 = 0) against the alternate h y p o t h e s i s o f c o i n t e g r a t i o n (H a ≠ α 1 ≠ α 2 ≠ α 3 ≠ α 4 ≠ α 5 ≠ 0). The decision rule as recommended by Pesaran et al. (2001) is that, if the calculated Fstatistics are higher than the upper critical bound, the null hypothesis will be rejected which means there is a cointegration relationship among the variables, while if the calculated F-statistics are less than the critical bound, the null hypothesis cannot be rejected, which means there is no longrun relationship among the variables. However, if the value of the critical bound lies between the lower and higher critical bounds, the result remains inconclusive (Pesaran and Pesaran 1997) . Eq. (5) below is used to test the long-run coefficients of the ARDL model:
The Schwarz Bayesian criterion (SBC) is selected to represent the length of the lag of the model, and we used the error correction model so as to determine the dynamics of the variables in the short run;
The stability of the model's long-run coefficient and short-run dynamics is tested based on the cumulative sum of recursive residuals (CUSUM) and the cumulative sum of squares of recursive residuals (CUSUMSQ) as highlighted by Pesaran and Pesaran (1997) .
The data
The data used for the estimation is sourced from World Development Indicators, World Bank data base for the period of 1970-2015. Carbon emissions (CO 2 ) are proxied by the CO 2 emissions in kilo terms (KT), urbanization is measured by urban population, economic growth (Y) is measured by real per capita GDP, and trade openness (TO) is measured by the total export and import as a ratio of GDP.
Results, discussions, and analysis

Unit root test
The pre-estimation condition to run ARDL is to begin with testing the order of integration of the variables, since the method requires the variables to either be integrated in level form or Table 1 . It shows that carbon emission and trade openness series are not integrated at level form, but after taking the first difference, the variables are integrated, which means the variables are I(1), while urbanization and economic growth are integrated at level form, which means they are I(0) variables. Hence, since the variables are of I(0) and I(1) with regard to their integration, ARDL is the most appropriate technique to use for the analysis (Pesaran et al. 2001) .
ARDL cointegration test result
The works of Pesaran and Shin (1999) and Pesaran et al. (2001) promote ARDL as one of the most applied methodologies due to its various advantages over other cointegration methods, like those of Engle-Granger (1987) , Johansen (1988) , and Johansen and Juselius (1990) . Some of the advantages include the following: (1) I(0) and I(1) variables can be combined together to make estimation, (2) the use of a small sample for the estimation, and (3) no need to use multiple equations because reduced-form equation might provide the same result Acaravci 2010, 2013) . Although ARDL has its own peculiar problems as a model, it still ranks among the most acceptable techniques in economic, finance, and econometric analyses.
The ARDL cointegration result is reported in Table 2 ; the finding suggests that variables are highly cointegrated which means they have a long-run relationship. This is because the estimated F-statistics (7.656) are greater than what is obtainable in the Narayan (2005) critical values at all rejection regions (1, 5, and 10 %) for the small-sample analysis. Therefore, the analysis relied on the 1 % rejection region as the most suitable statistically to pinpoint the existence of longrun relationships of the variables. Since we established the long-run cointegration among the variables, the next step is to estimate Eq. (5) with a goal to find the long-run estimated coefficients as reported in Table 3 .
The long-run estimated result is reported in Table 3 . The main research finding reveals that urbanization has a negative and significant impact on carbon emissions in the sample country. The results further highlight that a 1 % increase in urbanization could result in the reduction of carbon emissions in Singapore by 6.967 %. This finding corroborated that of Sharma (2011) across 69 countries and Saidi and Mbarek (2016) for 19 emerging countries. However, it contradicted that of Zhang and Lin (2012) for China, Farhani and Ozturk (2015) in Tunisia, Hossain (2012) for Japan, and Ali et al. (2016) for Nigeria. One of the likely reasons that urbanization does not trigger environmental degradation in Singapore might be the effective environmental policies in the advanced country and the resilience of the country's policy makers to implement them efficiently. For example, Ban act to consolidate the laws relating to environmental pollution control, to provide for the protection and management of the environment and resource conservation, and for purposes connected therewith.^This act was enacted by the Singapore authorities in 1999 and subsequently revised in 2002, with an overall objective of protecting the country's environment and also provides severe punishments for defaulters.
However, real per capita GDP is positive and statistically significant at the 5 % level, which means that a 1 % increase in real per capita GDP could lead to the increase in the level of carbon emissions by 3.22 %. Therefore, the overall growth of the economy is attached to more environmental degradation due to its direct effect of triggering carbon emissions. Unrestricted intercept and no trend; pg. 1988) *significant at 10 % level; **significant at 5 % level; ***significant at 1 % level (2017) 24:1967-1974 Economic growth increases carbon emissions because its advancement requires increased use of machineries more especially in the manufacturing sub-sector of the economy and likewise, this creates more carbon emissions that may continuously pollute the immediate environment. Hence, economic growth promotes the reduction of environmental quality. This finding is in line with that of Akpan et al. (2012) for Nigeria and of Al-mulali et al. (2015) for European countries. The variable of trade openness remains insignificant on carbon emissions in Singapore, which means that opening the trade sector has no significant impact on carbon emissions in the country. Therefore, trade openness does not influence environmental quality either positively or negatively in the case of Singapore. The short-run result as reported in Table 4 reveals that the main finding remains consistent with what is obtained in the long run. This means that urbanization has a negative and significant impact on carbon emissions, even in the short run. It further highlights that a 1 % increase in urbanization reduces carbon emissions by 1.672 %. In the short run, the variable of trade openness also has a negative and significant impact on carbon emissions; this means that a 1 % increase in trade openness could reduce carbon emissions by 0.585 %, and hence, in the short run, trade openness enhances environmental quality due to its effect of reducing carbon emissions. The value of error correction term (ECM) is found to ratify the theory (that it is negative) and statistically significant at the 5 % level and that the coefficient is less than one, as required by the econometric theory. The coefficient value clarifies that any deviation of the variables from the long-run equilibrium will be corrected and converge to the equilibrium level at 24 % annually.
To validate the reliability and efficiency of the model, the ARDL diagnostic tests are conducted as reported in Table 5 . The result passed the four-time series problems of serial correlation, functional form, normality, and heteroscedasticity. This means the null hypothesis cannot be rejected as required by the model; hence, the present model is selected from the time series model problems listed above. The model stability is shown by the CUSUM and the CUSUM of squares as shown in Figs. 1 and 2 , respectively, and the figures testify the stability of the model.
VECM Granger causality analysis
Since a long-run relationship is already established, there must be either unidirectional or bidirectional causality between/ among the series. This will serve as the robustness checks with a view to confirm the short-run convergence with the long run. The causality test result as reported in Table 6 reveals that urbanization and real per capita GDP Granger cause carbon emissions. Real per capita GDP Granger also causes urbanization, and urbanization Granger also causes real per capita GDP, and lastly, urbanization Granger causes trade openness. Therefore, the summary of the causality is that there exist unidirectional causality between urbanization, real per capita GDP, and carbon emissions and also between urbanization and trade openness. Meanwhile, bidirectional causality exists between urbanization and real per capita GDP. The error correction term (ECT) is negative, less than one and statistically significant as theoretically required. Hence, the ECT value confirmed the long-run relationship among the variables as obtained in the previous ARDL approach.
Conclusion and policy suggestions
The present article examined the impact of urbanization on environmental quality during the period of 1970-2015 in Singapore. The method used for the analysis is ARDL which is applied due to its advantages over other cointegration methods. The cointegration result reveals the presence of a long-run relationship among the variables; hence, the null hypothesis of no cointegration was rejected at the 1 % significance level. The main empirical finding suggests a negative and statistical significant relationship between urbanization and carbon emissions. This means that an increase in urban expansion in Singapore results in the reduction of carbon emissions, and hence, urbanization does not increase carbon emissions but rather reduces it, therefore enhancing environmental quality in Singapore. The environmental policy enacted in 1999 and revised in 2002 serves as a remedy to protect the country's environment from dilapidation as obtained in some countries, especially developing ones, possibly due to poor environmental legislation and implementation. However, the result further reveals that economic growth triggers carbon emissions, that is, the growth of the Singaporean economy is attached to negative externalities of environmental degradation. Hence, economic growth in the country leads to the reduction of environmental quality because it increases carbon emissions based on the research outcome. Hence, in designing the policies to curb environmental degradation in the country, urbanization could not be one of the determinant factors, and therefore, the government should consider other factors with a view to reduce environmental degradation. Moreover, based on the outcome, a trade-off exists between achieving a high level of economic growth and having a high-quality environment. Unless the government monitors and controls economic growth, the quality of its environment will keep declining, which if not properly checked may harm the economy and cause great economic loss and social destruction. 
